Background: Candida esophagitis (CE) is a condition typically diagnosed in patients who are immunocompromised. Risk factors leading to the development of CE in immunocompetent patients have not been entirely elucidated. This study set out to identify risk factors associated with the development of CE in immunocompetent patients.
Introduction
Candida esophagitis (CE) is the most common infection of the esophagus [1] . It is predominantly due to Candida albicans, although non-albicans species such as Candida glabrata and Candida tropicalis are increasingly prevalent [2] . C. albicans is a gastrointestinal commensal that colonizes the esophagus in up to 20% of people [3] . In addition to causing local mucosal membrane infections of the esophagus, oropharynx and vagina, Candida spp., may also lead to severe systemic infection such as bacteremia [2] .
Patients with CE typically present with dysphagia and odynophagia (pain with swallowing) that can often be pinpointed to a specific retrosternal area [4] . In immunosuppressed patients (such as those with acquired immunodeficiency syndrome or "AIDS"), oral "thrush" often occurs concurrently. The presence of oropharyngeal candidiasis in a patient with esophageal symptoms can assist with diagnosis, although many patients with CE may be asymptomatic [5, 6] .
A definitive diagnosis of CE can be established by endoscopy, with visible white mucosal plaque-like lesions present (Fig. 1) . Endoscopic brushing or biopsy will identify yeasts and pseudohyphae that invade mucosal cells, while culture will confirm candida species [2] (Figs. 2 and 3) . A cost-effective alternative to endoscopy recommended by the Infectious Diseases Society of America is a diagnostic trial of antifungal therapy [2] . Most patients with CE will experience improvement or resolution of symptoms within 7 days of commencing fluconazole orally. Patients who fail to respond need further investigation. CE may still be diagnosed on endoscopy, but might be caused by candida species or strains that are not susceptible to fluconazole [4, 7] . Among the differential diagnoses are viral infection (cytomegalovirus or herpes simplex virus, noting that these may co-infect with Candida spp.,), medication-associated esophagitis (e.g. tetracyclines, non-steroidal anti-inflammatory drugs), and inflammatory conditions Manuscript submitted April 9, 2018 , accepted April 20, 2018 (such as eosinophilic esophagitis) [8] .
CE is considered an opportunistic infection, typically developing in individuals who are immunocompromised due to underlying medical conditions or pharmacotherapy [4] . It occurs in association with human immunodeficiency virus (HIV) infection (it is considered an AIDS-defining illness), cancer (most notably hematological malignancies), diabetes mellitus and congenital immune deficiencies. It can also develop in patients receiving immunosuppressing drugs such as long-term oral corticosteroids and cytotoxic agents [4] . In one very large cohort (n = 80,219), the prevalence of CE amongst patients undergoing endoscopy was 1.7% overall, but 9.8% in patients with HIV infection [9] .
As outlined above, a number of risk factors for CE have been identified that relate to impaired immunity of the host. CE can also occur in patients with an intact immune system. In this descriptive study, possible risk factors for development of CE were explored among immunocompetent patients diagnosed with CE at a single tertiary care medical facility.
Materials and Methods
All inpatient and outpatients > 5 years of age diagnosed with CE at Albany Medical Center, a tertiary care hospital in New York State between 1 January 2007 and 1 January 2017, were reviewed to assess eligibility for study participation. The patients were identified via records of pathological specimens with diagnosis of CE made using endoscopic brushing or biopsies. Medical records were reviewed to determine eligibility for inclusion, defined as an endoscopically (brushing or biopsy) confirmed diagnosis of CE presenting in an individual without evidence of immune system compromise. Patients were excluded if they had an underlying immunocompromising condition(s) documented at the time of CE diagnosis, defined as HIV/AIDS, any malignancy, transplantation or diabetes mellitus. They were also excluded if they took immunosuppressive medications such as long term corticosteroid, chemotherapy or immunomodulators at the time of diagnosis of CE. Only those patients with complete medical history information were included.
Medical records were reviewed for each patient eligible for study participation. Information sought included demographic details (e.g. gender, age at diagnosis), comorbid conditions and active medications at the time of diagnosis of CE. Laboratory data were reviewed to identify pathology findings from biopsies taken from the brush border or esophageal mucosa. Earlier endoscopy results were reviewed for all participants who had an endoscopy prior to diagnosis of CE. Approval from the Institutional Review Board was obtained prior to initiating the 
Results
A total of 241 patients were identified as having been diagnosed with CE at Albany Medical Center over the 10-year study period. Two-thirds (66.8%) of these (161/241) were deemed immunocompromised and were therefore excluded from further study. The 80 remaining patients were classified as immunocompetent and were included in the study proper. The 80 participants (39 males/41 females) had a mean age of 40 years (standard deviation ± 22 years). Comorbidities at the time of CE diagnosis featured chronic respiratory conditions (asthma and chronic obstructive airways disease), which were experienced by 30% (24/80) of patients. Hypertension was also fairly common affecting 13.8% (11/80) participants (Table 1) .
The indications for endoscopy and lead to the diagnosis of CE varied ( Table 1 ). The most common indication was abdominal pain, which affected 50% of all participants (40/80). Less frequent triggers included symptomatic gastroesophageal reflux (13/80 (16.3%)), dysphagia (9/80 (11.3%)) and odynophagia (5/80 (6.3%)) ( Table 1) . Other triggers for endoscopy occurred at a rate of 5% or less being hematemesis, anemia, Barrett's esophagus (routine follow-up), screening for esophageal varices and melena. Endoscopic findings of patients at the time of diagnosis of CE were noted (Table 1) . Two-thirds (67.5%) of patients had white plaques or patches (54/80) and 25% had esophagitis, esophageal erythema and/or mucosal friability (20/80). Occurring in only one patient each were esophageal ulcer (1.3%) and irregular z-line (1.3%). No abnormalities were seen in four patients (5.0%).
Three-quarters (73.8%) of study participants were taking proton pump inhibitors (PPIs) at the time of diagnosis (59/80) and one-fifth (18.9%) were using inhaled corticosteroids (15/80) . No identifiable risk factors were found in 16 (20%) of our study patients and were otherwise healthy at the time of diagnosis ( Table 2 ). Fifteen of the 80 patients (18.8%) had undergone an endoscopy prior to the endoscopy that resulted in the diagnosis of CE. Review of the biopsy results indicated that none of these had CE diagnosed on the initial endoscopy. However, all 15 patients (100%) were found to have reflux esophagitis and were subsequently started or continued on PPIs at an increased dose ( Table 2 ). The mean time between initial and follow-up endoscopy was 20.7 (standard deviation 19.02) months. The number of patients who were found to have reflux esophagitis at the time of diagnosis of CE was 19/80 (24%).
Discussion
In this cohort of immunocompetent patients, our data suggest that use of PPIs was associated with development of CE in immunocompetent patients. Three-quarters (74%) of all participants were found to be taking a PPI at the time of diagnosis. Further, a subset of 15 patients was endoscopically confirmed as developing CE subsequent to initiation or dose escalation of the acid suppressant. PPIs reduce gastric acid secretion resulting in a relative or actual state of achlorhydria [10] . This may increase the pathogenicity of C. albicans by altering the yeast from a rounded form to the pathogenic hyphal form, creating an environment more suitable for infection [11] . An overgrowth of C. albicans in the gastric lumen has been result with an elevation of pH post-vagotomy [12] .
Fifteen (18.8%) participants were documented as being prescribed an inhaled corticosteroid at the time of CE diagnosis. Inhaled corticosteroids are well documented precipitants of oropharyngeal candidiasis. However, the link between inhaled corticosteroids and esophageal candidiasis is largely confined to case reports. In one case, a 70-year-old female developed CE after commencing inhaled corticosteroids for treatment of asthma [13] , without any evidence of other underlying immunosuppression.
The proportion of participants with asthma (16.3%) or chronic obstructive pulmonary disease (13.8%) exceeds that in the general population. However, it may well be the episodic use of systemic corticosteroids and broad-spectrum antimicrobials to treat exacerbations that precipitates CE rather than the disease process itself [14] [15] [16] . It has also been described in some patients with disorders of esophageal motility [1] . Onefifth of patients with CE (16/80) had no identifiable risk factors, which is similar to that seen in other studies [17] .
The mean age of the patients with CE in this study was 40 years. This is somewhat surprising given that old age has been previously identified as a risk factor for its development [9] , perhaps due to factors such as decline in epithelial cell immunity. In this study, both genders were found to be equally affected by CE, which is similar to what has been observed in previous studies [17] .
In this study, the most common complaint leading to endoscopy and diagnosis of CE was abdominal pain, which occurred in 50% of patients. Only a minority had symptoms of dysphagia (11.3%) and odynophagia (6.3%) which were previously reported as typical presenting symptoms of CE. For most patients, CE was an incidental finding, found on endoscopy while investigating other complaints.
This study did unfortunately have some limitations. Being a relatively rare finding, we had a limited number of study patients. Comparing to controls would be difficult in this case given that PPIs are very commonly prescribed medications and only a small fraction of those patients develop CE. Further study of CE and the association with acid suppressing medication may provide more information on this finding in otherwise healthy patients.
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